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DIGEST
S t i m u la t i o n  o f  the  m idbra in  r e t i c u l a r  fo rm at ion  has been found 
to increase the  a m p l i tu d e  o f  evoked responses to  c e n t r a l  s t i m u l i  in sev­
e r a l  sensory m o d a l i t i e s .  R e t i c u l a r  s t im u l a t io n  a ls o  improves an a n im a l 's  
performance on problems which r e q u i r e  a sensory d i s c r i m i n a t i o n .
Wasman and Flynn found t h a t  s t im u l a t io n  o f  p o in ts  in th e  l a t ­
e r a l  hypothalamus e l i c i t e d  a n o n - a f f e c t i v e  and v i s u a l l y  guided b i t i n g  a t ­
t a c k  on a r a t  in ca ts  which d id  not  p r e v io u s ly  a t t a c k  r a ts  spontaneous ly .  
S t im u la t io n  o f  p o in ts  in the p e r i f o r n i c a l  region o f  the  hypothalamus r e ­
s u l te d  in an a t t a c k  d i r e c t e d  e i t h e r  a t  the  r a t  o r  a t  the  exp er im ente r  and 
accompanied by m a n i fe s ta t io n s  o f  autonomic a r o u s a l . Thus, a l th ough  i t  is 
known t h a t  hypothalamic s t i m u l a t i o n  arouses the  c a t  and changes i t s  behav­
i o r  towards s p e c i f i c  v is u a l  s t i m u l i ,  the m o d i f i c a t io n s  o f  evoked responses  
o f  the  v is u a l  system dur ing  such s t im u l a t io n  have not been p r e v i o u s ly  s tu d -  
i e d .
The purpose o f  t h i s  exper iment  was to compare the  changes in ­
duced by r e t i c u l a r  s t i m u l a t i o n  in the  magnitude o f  evoked responses o f  
the  v is u a l  system o f  the  ca t  w i t h  the  changes o cc u r r in g  dur ing s t i m u l a ­
t i o n  o f  two areas in the  hypothalamus,  each o f  which d i r e c t e d  th e  c a t ' s  
a t t e n t i o n  to s p e c i f i c  v is u a l  s t i m u l i .  The responses o f  the  l a t e r a l  gen­
i c u l a t e  body, o p t i c  r a d i a t i o n ,  s u p e r io r  c o l l i c u l u s ,  and v is u a l  c o r t e x  
evoked by a shock to  the  o p t i c  t r a c t  and the  response o f  the  v is u a l  c o r t e x  
evoked by an o p t i c  r a d i a t i o n  shock were recorded in the  absence o f  any 
o t h e r  e l e c t r i c a l  s t i m u l a t i o n  o f  the  b r a in  and when preceded by 100 msec, 
t r a i n s  o f  e i t h e r  r e t i c u l a r  s t i m u l a t i o n ,  s t i m u l a t i o n  o f  the  l a t e r a l  hypo­
thalamus,  o r  s t i m u l a t i o n  o f  the  p e r i f o r n i c a l  hypothalamus. In some sub­
j e c t s  la rg e  b i l a t e r a l  r e t i c u l a r  les io n s  were made so t h a t  the  e f f e c t s  o f  
loss o f  r e t i c u l a r  f u n c t io n  on the  changes in evoked p o t e n t i a l  a m p l i tude  
induced by hypothalamic s t i m u l a t i o n  could be assessed.
I t  was found t h a t  both hypothalamic and r e t i c u l a r  s t i m u l a t i o n  
increased the  s i z e  o f  evoked responses recorded from the s u b c o r t i c a l  v i ­
sual s t r u c t u r e s ,  but hypotha lamic  s t im u l a t io n  suppressed i n t r a c o r t i c a 1 
evoked responses w h i l e  r e t i c u l a r  s t i m u l a t i o n  f a c i l i t a t e d  them. The de­
s t r u c t i o n  o f  the r e t i c u l a r  fo rm a t ion  d id  na t  a l t e r  e i t h e r  the  f a c i l i t o r y  
e f f e c t  o f  hypothalamic s t i m u l a t i o n  a t  the s u b c o r t i c a l  l e v e l  o r  i t s  i n h ib ­
i t o r y  e f f e c t  a t  th e  c o r t e x .
Since s t i m u l a t i o n  o f  the  l a t e r a l  hypothalamus which e l i c i t e d  
q u ie t  b i t i n g  a t t a c k  d i r e c t e d  a t  the  r a t  had the  same e f f e c t s  on v is u a l  
evoked p o t e n t i a l s  as s t i m u l a t i o n  o f  the  p e r i f o r n i c a l  hypothalamus which 
e l i c i t e d  a f f e c t i v e  a t t a c k  d i r e c t e d  a t  e i t h e r  the  exper im enter  o r  th e  r a t ,  
i t  was concluded t h a t  changes in evoked response am pl i tude  cannot be r e ­
la te d  in any d i r e c t  way to  changes in the c a t ' s  v i s u a l l y  guided b e h a v io r .
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The purpose o f  t h i s  exper im ent  was to  compare the  changes in 
the  am p l i tu d e  o f  evoked responses o f  the  v is u a l  system o f  t h e  c a t  induced 
by s t i m u l a t io n  o f  the midbrain  r e t i c u l a r  fo rm at ion  w i th  the changes i n ­
duced by hypothalamic s t i m u l a t i o n .
E l e c t r i c a l  s t im u l a t io n  o f  the O p t ic  t r a c t  was used to  evoke 
responses o f  the  v is u a l  system because the  c o r t i c a l  response to  an o p t i c  
t r a c t  shock has a waveform which pe rm i ts  an a n a ly s is  o f  the  s i t e s  o f  o r i ­
g in  o f  i t s  components. No such a n a ly s is  is p o s s ib le  w i th  the  p h o t ic  evok­
ed response.  Furthermore, '  p e r ip h e r a l  rece p to r  ad justm ents  such as o r i e n ­
t a t i o n  o f  head and eyes,  p u p i l l a r y  d i l a t a t i o n ,  and accommodation have no 
e f f e c t  on shock evoked responses i f  the  su b jec t  is run in a dark  room, 
but they may have a profound i n f lu e n c e  on p h o t ic  evoked responses (Naquet,  
Regis ,  F i s c h e r - W i 11 iams, & F e rn a n d e z -G u a rd io la , i 960 ) .
The c o r t i c a l  response evoked by a shock to  the o p t i c  t r a c t  
co n s is ts  o f  a s e r i e s  o f  th re e  to f i v e  spikes superimposed on a slow s u r ­
f a c e - p o s i t i v e  p o t e n t i a l  which g r a d u a l l y  turns  in to  a s u r f a c e - n e g a t iv e  
p o t e n t i a l  and f i n a l l y  decays to  b a s e l i n e .  I t  is g e n e r a l l y  agreed t h a t  
the  f i r s t  sp ike  o f  t h i s  response is e x t r a c o r t i c a l  in o r i g i n ,  r e p re s e n t in g  
the  i n f l u x  o f  impulses t r a v e l l i n g  a long the o p t i c  r a d i a t io n s ,  and t h a t  the  
slow response is o f  i n t r a c o r t i c a 1 o r i g i n ,  probably  a r i s i n g  from the  den­
d r i t e s  o f  pyramidal  c e l l s  ( B a r t l e y  & Bishop^, 1933a; B a r t l e y  & Bishop!  
1933b; Bishop & C l a r e ,  1951; Bishop & C l a r e ,  1952; Bishop & O'Leary^, 1936; 
Bishop & O 'L e a r y ,  1938; Bremer & S t o u p e l , 1956; Chang & Kaada, 1950; Mai is 
& Kruger,  1956; Marsha T a l b o t ,  & Ades, 19^3; Schoolman & E v a r t s ,  1959 ) .
1
Rabbi ts  were used in these exp er im ents .  Cats were used in the  o t h e r  
stud i e s .
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Some i n v e s t i g a t o r s  (Bremer £• S to u p e l ,  1958; Bremer & S t o u p e l , 
1959; Dumont & D e l l ,  i 960) have found an inc rease  dur ing  r e t i c u l a r  s t im ­
u l a t i o n  in both the  f i r s t  sp ike  and the  slow component o f  the  s t r i a t e  
c o r t i c a l  response to an o p t i c  t r a c t  shock, but th e  increase  was p ro p o r ­
t i o n a t e l y  g r e a t e r  in the  slow response than in the  f i r s t  s p ik e .  Hence 
they concluded t h a t  the  f a c i l i t a t i o n  was o c c u r r in g  a t  both the  th a la m ic  
( g e n ic u la t e )  and c o r t i c a l  l e v e ls  o f  the p r im a ry  v is u a l  p r o j e c t i o n  system 
Others (Dagnino, F a v a le ,  Loeb, & M a n f re d i ,  1965; E v a r ts ,  F leming,  & H u t -  
t e n l o c h e r ,  i 960 ) s tu d ie d  the  e f f e c t s  o f  s leep  and wakefu lness on the in -  
t r a c o r t i c a l  response evoked by s t im u l a t in g  the  o p t i c  r a d i a t i o n s .  The 
a m pl i tude  o f  t h i s  response was determined s o l e l y  by c o r t i c a l  processes  
s ince  the  s u b c o r t i c a l  pathway from the  o p t i c  t r a c t  to  the  o p t i c  r a d i a ­
t io n s  was bypassed. They observed t h a t  the  c o r t i c a l  response was sm al le  
dur ing  wakefu lness than dur ing s leep  and t h e r e f o r e  concluded t h a t  the  
augmentation in evoked responses o f  the v is u a l  system dur ing  r e t i c u l a r  
a c t i v a t i o n  occurred  o n ly  a t  the  l a t e r a l  g e n i c u l a t e  and not  a t  the  c o r te x  
as Bremer and S t o u p e l . (1 9 5 8 ;1 9 5 9 )  .and Dumont and De l l  ( I 9 6 0 )  suggested.
R e t i c u l a r  s t i m u l a t i o n  has a ls o  been found to  f a c i l i t a t e  the  
psychoph ys io log ica l  processes involved in sensory p e r c e p t io n .  Fu s te r  
and Uyeda (1962)  observed t h a t  dur ing  r e t i c u l a r  s t i m u l a t i o n  the percen­
tage o f  c o r r e c t  responses increased and the  r e a c t io n  t imes decreased f o r  
a monkey t r a i n e d  to  s o lv e  a problem in a t a c h i s t o s c o p ic  v is u a l  d i s c r i m ­
i n a t io n  r e a c t i o n - t i m e  app ara tu s .
Wasman and Flynn (1962) f i r s t  rep o r ted  t h a t  s t i m u l a t i o n  o f  
p o in ts  in the  l a t e r a l  hypothalamus e l i c i t e d  a q u i e t  v i s u a l l y  guided b i t ­
ing a t t a c k  on a r a t  in ca ts  which d id  not p r e v i o u s ly  a t t a c k  ra ts  spon­
ta n e o u s ly .  Levison and Flynn (1965) demonstrated t h a t  t h i s  hypothalam-
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3
i c a l l y  e l i c i t e d  a t t a c k  was p r e f e r e n t i a l l y  d i r e c t e d  to  a l i v e  r a t .  An 
e q u a l l y  d r a s t i c  change in th e  c a t s '  beh av io r  w i t h  respect  to  s t im u l i  in 
t h e i r  environment was produced by s t i m u l a t i n g  the  p e r i f o r n i c a l  region  
o f  the  hypothalamus,  j u s t  medial  to  the  p o in ts  from which q u i e t  b i t i n g  
a t t a c k  was e l i c i t e d .  But In t h i s  case the cats  showed numerous signs  
o f  autonomic a r o u s a l ,  and t h e ' a t t a c k  on the  r a t  was u s u a l l y  c a r r i e d  out  
w i t h  the  paws r a t h e r  than th e  t e e t h .
Thus, a l though i t  is known t h a t  hypothalamic s t im u l a t io n  a ro u ­
ses the  c a t  and a l t e r s  i t s  beh av io r  towards s p e c i f i c  v i s u a l  s t i m u l i ,  the  
m o d i f i c a t io n s  o f  evoked responses o f  th e  v is u a l  system d ur ing  such s t im ­
u l a t i o n  have not been p r e v io u s ly  s t u d i e d .  In the  p rese n t  exper iment  the  
responses o f  the  l a t e r a l  g e n i c u l a t e  body, s u p e r io r  c o l l i c u l u s ,  o p t i c  r a ­
d i a t i o n ,  and s t r i a t e  c o r te x  evoked by a s i n g l e  shock to  the  o p t i c  t r a c t  
and response o f  the  s t r i a t e  c o r t e x  evoked by an o p t i c  r a d i a t i o n  shock 
were recorded under four  c o n d i t io n s :  1) -in the  absence o f  any o t h e r  e l e c ­
t r i c a l  s t i m u l a t i o n  o f  the b r a i n ,  o r  when preceded by 100 msec, t r a i n s  o f  
c o n d i t io n in g  s t i m u l i  d e l i v e r e d  to  e i t h e r  2) the  m idbra in  r e t i c u l a r  f o r ­
m at ion ,  3) p o in ts  in the l a t e r a l  hypothalamus from which v i s u a l l y  guided 
q u i e t  b i t i n g  a t t a c k  upon a r a t  was e l i c i t e d ,  o r  b) p o in ts  in the  p e r i f o r ­
n i c a l  reg ion o f  the  hypothalamus from which a f f e c t i v e  a t t a c k  was obtained..  
In t h is 'w a y  changes in the magnitude o f  evoked responses o f  the  v isua l  
system and the  s t r u c t u r e s  by which these  changes a r e  mediated dur ing  r e ­
t i c u l a r  s t i m u l a t i o n  could be compared and c o n t ra s te d  w i t h  the  changes 
o c c u r r in g  dur ing  s t i m u l a t i o n  o f  e i t h e r  o f  two areas in the  hypothalamus,  
a c t i v a t i o n  o f  which produced s i g n i f i c a n t  a l t e r a t i o n  in the  c a t ' s  percep­
tu a l  and motor b e h a v io r .
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METHOD
Sub j a c t s :
Ten? hea 1 t h y , a d u l t  cats  ranging in w e ig h t  from 2 . k  to t+.l kg.  
were used. One day b e fo r e  surgery  a ra t  was p laced  in the  home cage o f  
each c a t .  Only those an im als  were se le c te d  which d id  not  a t t a c k  the ra t  
spontaneous 1y .
S u rg e r y :
A l l  surgery  was performed under a s e p t i c  c o n d i t io n s .  The cats  
were a n e s th e t i z e d  w i t h  40 mg/kg o f  p e n to b a r b i t a l  sodium i n je c t e d  i n t r a -  
p e r i  tonea 1 1 y . P a i rs  o f  t a p e re d ,  s t a i n le s s  s te e l  needles in s u la te d  w i th  
a t  l e a s t  th r e e  coats o f  baked pr iming p a in t  and bared f o r  0.5mm a t  the  
t i p  were implanted in the  r i g h t  s id e  o f  the  ca t  in the  o p t i c  t r a c t ,  the  
l a t e r a l  g e n ic u la t e  body, the  o p t i c  r a d i a t io n  a t  a p o in t  between 1.0  and 
2.0mm dorsa l to the  l a t e r a l  g e n ic u la t e  body, the  s u p e r io r  c o l l i c u l u s ,  
and the midbra in  r e t i c u l a r  f o r m a t io n .  P a irs  o f  e le c t r o d e s  were separated  
by ap p ro x im ate ly  1.5mm, and a l l  responses were recorded through these  
pa i r s .
A small  p l a t e  e l e c t r o d e  was made by i n s e r t i n g  two #32 gauge 
t e f l o n - c o a t e d  s t a i n l e s s  s t e e l  w ires  in a t h i n  sheet  o f  p l a s t i c  which was 
then fused to an o th e r  t h i n  sheet  o f  p l a s t i c  w i th  methylene c h l o r i d e .
The t e f l o n  c o a t in g  was scraped o f f  each w i r e  f o r  a d is t a n c e  o f  a p p ro x i ­
m ate ly  0.5mm. The two scraped p o r t io n s  were separa ted  from each o th e r
See Appendix A f o r  a complete
S 23ta A d d i t io n a l  cats  were used in p i l o t  work.
I  enumeration o f  s u b je c t s .
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by 1.0mm. The leads from the  p l a t e  were brought out  to  an Amphenol 221 
s e r ie s  Micro-Med con necto r .  Th is  e le c t r o d e  was in s e r te d  through a h o le  
trepanned in the  s k u l l  and s l i d  under the dura mater  so t h a t  i t  rested  
on the s u r face  o f  the  l a t e r a l  gyrus ( s t r i a t e  c o r t e x ) .  The trepanned p o r ­
t io n  o f  the  sk u l l  was rep laced  and the connector  was secured in p lace  on 
top o f  i t  w i th  aneurop1a s t i c  cement.
Holes were d r i l l e d  through the s k u l l  b i l a t e r a l l y  a t  a n t e r i o r  
coord ina tes  1 0 .0 ,  1 1 .5 ,  and 13-0 and a t  l a t e r a l  coo rd ina tes  1 .0  and 2 . 5  
o f  the Jasper and Ajmone-Marsan (195^) s t e r e o t a x i c  a t l a s .  A 1.0cm long 
p iece  o f  #18 gauge hypodermic tubing f i l l e d  w i th  p a r a f f i n  -  an e l e c t r o d e  
guide -  was placed d i r e c t l y  above each h o le .
Four s t a i n l e s s  s t e e l  screws were screwed t i g h t l y  in to  the s k u l l  
and a p ie c e  o f  s t a i n l e s s  s t e e l  w i r e  was wrapped around them f o r  use as a 
ground. A pedesta l  was a f f i x e d  to the s k u l l  and used to hold a small  
p l a s t i c  hat  which p r o t e c t e d  the e l e c t r o d e s .  A l l  e le c t r o d e s  and e l e c t r o d e  
guides were secured in p la c e  w i th  a n e u r o p la s t ic  cement.  At l e a s t  seven 
days elapsed between surgery  and the  beg inning o f  t e s t i n g .
S t im u la t in g  and record ing  a p p a r a tu s ;
Hypothalamic and r e t i c u l a r  s t i m u l a t io n  was prov ided  by a Grass 
S-8 s t i m u l a t o r  which was s e t  to  genera te  100 msec, t r a i n s  o f  6 2 .5  p u l s e /
sec. b ip h a s ic  square waves o f  1 .0  msec, h a l f - c y c l e  d u r a t i o n .  Each t r a i n
cons is ted  o f  s i x  square waves. Another  Grass S-8  s t i m u l a t o r  was t r i g g e r e d  
by a synchron iz ing  pu lse  from the  f i r s t  s t i m u l a t o r  and d e l i v e r e d  a s i n g l e
b ip h a s ic  square wave p u ls e  o f  0 . 2  msec, h a l f - c y c l e  d u r a t io n  to  e i t h e r  the
o p t i c  t r a c t  o r  o p t i c  r a d i a t i o n  e le c t r o d e s .  A l l  s t i m u l a t i n g  leads were  
connected to the  ca t  through s t im ulus  i s o l a t i o n  u n i t s .  Constant  c u r r e n t




c o n d i t io n s  were approximated by p la c in g  a 39 ,000  ohm r e s i s t o r  in s e r ie s  
w ith  each s t im u la t e d  e l e c t r o d e .  Peak c u r r e n t  was measured across a 100 
ohm p r e c is io n  r e s i s t o r  and d isp layed  on a T e k t r o n i x  type  564 o s c i l lo s c o p e .
The b i p o l a r  evoked response o f  each v i s u a l  system s t r u c t u r e  
was a m p l i f i e d  by a T e k t r o n i x  ty p e  122 l o w - l e v e l  d i f f e r e n t i a l  p r e a m p l i f i e r
and d i s p l a y e d  on a T e k t r o n i x  ty p e  5 64  o s c i l l o s c o p e .  The i n d i v i d u a l  e v o ­
ked responses w ere  always l a r g e  enough t o  be c l e a r l y  v i s i b l e  on t h e  o s c ­
i l l o s c o p e  s c r e e n .  The o u t p u t  o f  t h e  v e r t i c a l  a m p l i f i e r  o f  t h e  o s c i l l o ­
scope was fe d  to  a Mnemotron model 400B computer  o f  a v e r a g e  t r a n s i e n t s ,
and th e  averaged  waveform o f  th e  evoked response was p l o t t e d  on a Mose ley
7590B(S) x -Y  r e c o r d e r .  Response a v e r a g in g  was employed in o r d e r  t o  i n -  
c r e a s e  t h e  r e l i a b i l i t y  o f  r e s u l t s .
A l l  s t i m u l a t i n g  and record ing was c a r r i e d  out  in a wooder box 
measuring 21" X 21" X 24" which was loca ted  in a da rk ,  q u i e t  room. The 
f r o n t  o f  the  box was c losed w i th  a s l i d i n g  p l e x i g l a s  door dur ing the  ses­
sions in which beh av io r  was observed and w i t h  a p ie c e  o f  beaverboard d u r ­
ing sessions in which evoked responses were recorded.  The top o f  the  box 
was sea led  w i th  plywood through which a small  hole was d r i l l e d  to a l lo w  
passage o f  s t i m u l a t i n g  and record ing  leads .  The leads were connected to  
the c a t ' s  head w i t h  W inchester  c l i p s  and were held above i t s  head by the  
tens ion  e x e r te d  by a p l e x i g l a s  rod a t ta c '  .c _o a sp r in g  so as not to  i n ­
t e r f e r e  w i t h  the  a n im a l 's  movements.
Procedure:
a) Hypothalamic i m p l a n t a t i o n  and o b s e r v a t io n  o f  b e h a v io r :
A f t e r  recovery  from su rg e ry ,  each ca t  was p laced  in the o b s e r ­
v a t io n  box to g e t h e r  w i t h  an a n e s th e t i z e d  r a t .  An e l e c t r o d e  i d e n t i c a l  to
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_ _  the  p r e v i o u s ly  descr ibed  recording e le c t r o d e s  was in s e r te d  in to  one o f  
the  e l e c t r o d e  guides and g e n t ly  tapped in to  the  b r a i n .  The response o f  
the c a t  to monopolar s t im u l a t io n  o f  t h i s  e l e c t r o d e  a t  a 0.4ma.  peak to
peak i n t e n s i t y  f o r  severa l  seconds was te s t e d  a t  a s e r i e s  o f  depths sep-
* . .
ara te d  by about 0.5mm, beginning a t  the  Zero h o r i z o n t a l  p lan e  o f  the  
Jasper and Ajmone-Marsan (195^0 s t e r e o t a x i c  a l t a s  and c o n t in u in g  u n t i l  
e i t h e r  a q u ie t  b i t i n g  a t t a c k  upon the  r a t  o r  an a f f e c t i v e  a t t a c k  d i r e c ­
ted a t  the  r a t  o r  a t  the  exper im enter  was e l i c i t e d .  The e l e c t r o d e  was 
cemented in a t  t h a t  depth .
Th is  procedure was repeated u n t i l  t h e r e  were a t  l e a s t  fo u r  
hypothalamic e le c t r o d e s  in each c a t ,  two o f  which produced q u i e t  b i t i n g  
a t t a c k  and two o f  which produced a f f e c t i v e  a t t a c k  upon s t i m u l a t i o n .  The 
cat  was then re turned  to  i ts  l i v i n g  q u a r t e r s .
Severa l  hours l a t e r  the  c a t  was again  p laced in th e  o b s e rv a t io n  
box w i th  an a n e s th e t i z e d  ra t  and was s t im u l a t e d  h i p o l a r l y  a t  v a r io u s  i n ­
t e n s i t i e s  through e i t h e r  the p a i r  o f  e le c t r o d e s  as s o c ia te d  w i t h  q u ie t  
b i t i n g  a t t a c k  o r  the p a i r  assoc ia ted  w i th  a f f e c t i v e  a t t a c k .  S t i m u la t i o n  
was l i m i t e d  to  30 seconds or  l e s s ,  and t h e r e  was a t  l e a s t  a f i v e  minute  
i n t e r v a l  between t r i a l s .  La tenc ies  between onset  o f  s t i m u l a t i o n  and 
con tac t  w i t h  the  r a t  o r  lunge a t  the exp e r im e n te r  were recorded and p r o ­
to co ls  o f  the  beh av io r  were taken .
The q u ie t  b i t i n g  a t t a c k  was c h a r a c t e r i z e d  by i t s  d i r e c te d n e s s  
and by la c k  o f  s igns o f  autonomic a r o u s a l .  In  most cases th e  r a t ' s  neck  
and o n ly  the  neck was b i t t e n .  F r e q u e n t ly  th e  r a t  was k i l l e d  by the  f i r s t  
b i t e .  During a f f e c t i v e  a t t a c k ,  on the  o t h e r  hand, t h e r e  were numerous 
i signs o f  autonomic a r o u s a l :  p i l o e r e c t i o n , h i s s i n g ,  s p i t t i n g ,  u r i n a t i o n ,
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than the  t e e t h  and was d i r e c t e d  more f r e q u e n t l y  a t  the exp e r im e n te r  than  
a t  the  r a t .  Both types o f  a t t a c k  were o b ta in ed  in n ine c a t s ,  but  in one 
s u b je c t  (02156)  o n ly  a f f e c t i v e  a t t a c k  was seen.
A f t e r  the  b e h a v io ra l  e f f e c t s  o f  hypothalamic s t i m u l a t i o n  had
been observed the  m idbra in  r e t i c u l a r  fo rm a t io n  was s t im u la t e d .  Autonomic 
and b e h a v io ra l  arousal  was always observed d u r in g  r e t i c u l a r  s t i m u l a t i o n ,  
but th e r e  was never any a t t a c k  d i r e c t e d  a t  th e  r a t  or  a t  the  exp er im ente r  
At high i n t e n s i t i e s  (0 .8ma.  and above) the c a t  t r i e d  to escape from the  
box.
b) Recording o f  evoked responses:
A p prox im ate ly  2k  hours a f t e r  the  beh av io ra l  o b s e r v a t io n  session  
the cat  was fed  tuna f i s h  and evapora ted  m i lk  and was then p laced  a lone  
in the  wooden box. The heavy meal j u s t  p r i o r  to  a session u s u a l l y  kept  
the cat  q u i e t ,  thus m in im iz in g  movement a r t i f a c t s .  The f r o n t  o f  the  box 
was c losed w i t h  opaque beaverboard and the  room was darkened. The c a t  
was run in th e  dark  to  avo id  any changes in evoked response a m pl i tude  
caused by v a r y in g  amounts o f  l i g h t  e n t e r i n g  th e  r e t i n a .
The o p t i c  t r a c t  was then s t im u la t e d  once per  second by a s i n g l e
square wave pu lse  using th e  parameters descr ibed  above, and the  i n t e n s i t y  
was ad ju s te d  u n t i l  the  peak am pl i tude  o f  the response evoked a t  th e  s t r i ­
a te  c o r t e x  was between 100 and 400 m i c r o v o l t s .  The peak to peak c u r r e n t  
necessary t o  evoke a response o f  t h i s  s i z e  was between 0 . 3  and 0 . 6  ma.
The b a s e l in e  evoked responses to  e l e c t r i c a l  s t i m u l a t i o n  o f  the  
o p t i c  t r a c t  were then recorded as f o l l o w s .
The evoked responses o f  one v is u a l  s t r u c t u r e  to  10 o p t i c  t r a c t  
pulses were fed  to th e  computer o f  average t r a n s i e n t s ,  and the  r e s u l t i n g
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averaged response was p l o t t e d  out  on the  X-Y r e c o rd e r .  Ten such averaged 
evoked responses were ob ta ined  in tu rn  from each o f  th e  f o l l o w in g  p a r ts  
o f  the  v is u a l  system: the l a t e r a l  g e n ic u la t e  body, th e  o p t i c  r a d i a t i o n ,
the s u p e r io r  c o l l i c u l u s ,  and the s t r i a t e  c o r t e x .  The o r d e r  in which 
evoked responses were recorded was v a r ie d  both w i t h i n  and between c a t s .
The o p t i c  r a d i a t io n  was then s t im u la te d  once per  second w i th  
a s i n g l e  square wave p u lse  whose am pl i tude  was ad ju s ted  so t h a t  the r e ­
sponse evoked from the  s t r i a t e  c o r t e x  was o f  roughly th e  same magnitude  
as the  s t r i a t e  c o r t i c a l  response to  o p t i c  t r a c t  s t i m u l a t i o n .  Ten averaged  
responses each c o n s is t in g  o f  10 v is u a l  c o r t i c a l  responses evoked by o p t i c  
r a d i a t i o n  s t i m u l a t i o n  were then recorded.  By record ing  th e  c o r t i c a l  r e ­
sponse to  o p t i c  r a d i a t i o n  s t im u l a t io n  the modulat ing processes occ ur r ing  
a t  th e  c o r t e x  could be observed in i s o l a t i o n  from in f lu e n c e s  a c t in g  a t  
s u b c o r t i c a l  l e v e l s .
Thus in a l l ,  50 averaged b a s e l in e  evoked responses were o b ta in e d :  
10 from each o f  the  t h r e e  s u b c o r t i c a l  v isu a l  s t r u c t u r e s  evoked by o p t i c  
t r a c t  s t i m u l a t i o n ,  10 from the  v is u a l  co r te x  evoked by o p t i c  t r a c t  s t im ­
u l a t i o n ,  and 10 from the  v is u a l  c o r t e x  evoked by o p t i c  r a d i a t i o n  s t i m u l a ­
t i o n .
The e f f e c t  o f  hypothalamic "ind r e t i c u l a r  s t i m u l a t i o n  upon the  
am pl i tude  o f  evoked responses o f  the  v isu a l  system was determined by r e ­
pea t in g  the  above procedure w i t h  one a d d i t io n a l  f a c t o r .  Each o p t i c  t r a c t  
o r  o p t i c  r a d i a t i o n  p u ls e  was preceded by the d e l i v e r y  o f  a 100 msec, con­
d i t i o n i n g  t r a i n  o f  s i x  square wave pulses to  e i t h e r  th e  q u i e t  b i t i n g  a t -
| tack  p o in t s  o r  th e  a f f e c t i v e  a t t a c k  p o in ts  in the  hypothalamus o r  to the
|
I' m idbra in  r e t i c u l a r  f o r m a t io n .  There  was a 10 msec, i n t e r v a l  between the
I  l a s t  p u ls e  o f  th e  c o n d i t io n in g  t r a i n  and the o p t i c  t r a c t  o r  o p t i c  r a d i a -
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t lo n  p u lse .  In p i l o t  work i t  was determined t h a t  these parameters y i e l d ­
ed la rge  and c o n s is t e n t  d i f f e r e n c e s  in evoked p o t e n t i a l  am p l i tude  w i t h  
the th re e  types o f  c o n d i t io n in g  s t i m u l a t i o n .  Furthermore,  except  a t  the  
highest  i n t e n s i t i e s ,  the  100 msec, t r a i n  o f  c o n d i t io n in g  s t i m u l i  d id  not  
e l i c i t  any gross b o d i l y  movement in the  c a t .  The on ly  e f f e c t  was a s l i g h t  
p u p i l l a r y  d i l a t a t i o n  and sometimes a s l i g h t  t u r n in g  o f  the head. Thus 
changes in evoked response am pl i tude produced by the c o n d i t io n in g  s t i m u l i  
could not  be a t t r i b u t e d  to  feedback from motor responses.
At  v a r io u s  t imes the  o p t i c  t r a c t  o r  o p t i c  r a d i a t i o n  shock was 
om it ted  f o l l o w in g  hypothalamic o r  r e t i c u l a r  s t i m u l a t i o n  so t h a t  th e  e f f e c t  
o f  the c o n d i t io n in g  t r a i n  on the  b a s e l in e  a c t i v i t y  o f  the v is u a l  s t r u c ­
tures in the  absence o f  evoked responses could  be determined.  In most 
instances the  b a s e l i n e  was f l a t ,  but o c c a s i o n a l l y  i t  g r a d u a l l y  rose o r  
f e l l .  Th is  was found t o  be caused by a poor ground connect ion to  th e  c a t .
Hypothalamic  and r e t i c u l a r  s t i m u l a t i o n  was done in b lo c k s .
For example, in one c a t  a b lock  o f  50 averaged evoked responses was r e ­
corded dur ing  q u i e t  b i t i n g  a t t a c k  s t i m u l a t i o n ,  then another  b lo c k  o f  50 
was obta ined  dur ing  a f f e c t i v e  a t t a c k  s t i m u l a t i o n  and a f i n a l  b lo ck  was 
recorded dur ing r e t i c u l a r  s t i m u l a t i o n .  The o r d e r  in which the  b locks  
were recorded was v a r i e d  between cats and between sessions.
The len g th  o f  a session ranged from 4 to  8 hours. Most c a ts  
were run f o r  two sessions which were sep ara ted  by a t  l e a s t  one day .  The 
i n t e n s i t i e s  o f  hypotha lam ic  and r e t i c u l a r  s t i m u l a t i o n  were v a r i e d  both  
between and w i t h i n  sessions and ranged from 0 . 4  to  1 .2ma. ,  but  no one 
sub jec t  was t e s t e d  a t  a l l  i n t e n s i t i e s .  Ten averaged evoked responses  
were obta ined  from each record ing  s i t e  a t  the  lower i n t e n s i t i e s  o f  hypo­
tha lam ic  and r e t i c u l a r  s t i m u l a t i o n ,  but  the  h ig h e r  i n t e n s i t i e s  o f  a f f e c ­
t i v e  a t t a c k  and r e t i c u l a r  s t i m u l a t io n  were a v e r s iv e  to  the c a ts  so t h a t
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f i v e ,  two, o r  o c c a s i o n a l l y  on ly  one averaged evoked response was recorded  
in o r d e r  to avo id  unduly e x c i t i n g  the  s u b je c t s .
c) D e s tru c t io n  o f  the r e t i c u l a r  fo r m a t io n :
In th r e e  cats  (01176,  01186,  01196) les ions  were made in the  
mid bra in  r e t i c u l a r  f o r m a t io n ,  and these s u b je c ts  were then run f o r  one 
more session so t h a t  the  changes in evoked response am pl i tude  observed  
dur ing  hypothalamic s t i m u l a t i o n  in the i n t a c t  animal  could be compared 
w ith  the changes induced by hypothalamic s t i m u l a t i o n  a f t e r  the  d e s t r u c ­
t io n  o f  most o f  the  r e t i c u l a r  fo rm a t io n .
Large b i l a t e r a l  r e t i c u l a r  les io n s  were produced by a Radionics  
model RFG-2  r ad io  f requency  le s io n  maker.  A r a d io  frequency c u r r e n t  o f  
60ma. was passed f o r  90 seconds through each r e t i c u l a r  e le c t r o d e  used in 
s t im u l a t in g  the  animal dur ing  the  f i r s t  reco rd in g  sess ion .  E lec t ro d es  
were then in s e r te d  in to  a p a i r  o f  e l e c t r o d e  guides which had been implan­
ted o ver  the r e t i c u l a r  fo rm a t io n  on the  l e f t  s id e  o f  these cats  dur ing  
su rg e ry ,  and a ra d io  f requency c u r r e n t  w i t h  the  same i n t e n s i t y  and tempor  
al parameters as above was passed through each e l e c t r o d e  when i t s  t i p  
reached 1 . 0mm below the  zero  h o r i z o n t a l  p la n e  o f  the  Jasper  and Ajmone-  
Marsan ( 195*0 s t e r e o t a x i c  a t l a s .  Th is  was repea ted  a t  1 . 0mm steps as 
each e l e c t r o d e  was lowered to  6.0mm below th e  ze ro  h o r i z o n t a l  p la n e .  
Approximate ly  3 hours a f t e r  les ions  were made th e  ca ts  were run f o r  ano­
th e r  session s i m i l a r  to  the  f i r s t ,  ex c e p t ,  o f  course ,  t h a t  r e t i c u l a r  s t im  
u l a t i o n  was o m i t t e d .
A f t e r  le s io n s  were made the  s u b je c ts  were unresponsive to  
l i g h t  and sound, and a l l  t a c t i l e  s e n s i t i v i t y  was lo s t  except  a t  th e  t i p s  
o f  the e x t r e m i t i e s .  They tended to  remain l imp and mot ion less f o r  long
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per iods  but  they were not comatose. When they d id  move they showed signs  
o f  severe  a t a x i a .
A na lys is  o f  d a t a :
Peak a m pl i tude  o f  each averaged evoked response recorded from 
the  l a t e r a l  g e n ic u la t e  body, o p t i c  r a d i a t i o n ,  and s u p e r io r  c o l l i c u l u s  was 
measured.' Since o n ly  the  slow component o f  the s t r i a t e  c o r t i c a l  evoked 
response is known to  be o f  i n t r a c o r t i c a 1 o r i g i n ,  the  cm p l i tu d e  o f  the  c o r ­
t i c a l  evoked response was measured from th e  h ighes t  p o in t  on the slow s u r ­
f a c e - p o s i t i v e  wave to the lowest  p o i n t  on the slow s u r f a c e - n e g a t iv e  wave.  
F ig .  1 shows the  waveforms o f  the evoked responses and in d ic a te s  the p o in ts  
from which peak am pl i tudes  were measured?
Analyses o f  v a r ia n c e  were computed to determ ine  the  s i g n i f i c a n c e  
o f  the changes in the  evoked responses recorded from each s t r u c t u r e  in each 
c a t .  I f  F was s i g n i f i c a n t  a t  the .05  l e v e l ,  independent t  t e s t s  were com­
puted comparing the  mean averaged evoked response recorded dur ing each 
type and i n t e n s i t y  o f  c o n d i t io n in g  s t i m u l a t i o n  in each c a t  w i t h  the  mean 
b a s e l in e  averaged evoked response o f  t h a t  c a t .  I f  F was n o n - s i g n i f i c a n t  
no t ' s  were computed and the  d i f f e r e n c e s  were assumed to  be n o n -s ig n i f i c a n t , .
H ? s t o l o g y :
At the com plet ion  o f  the  exper im ent  the  c a t s ,  under deep anes­
t h e s i a ,  rece ived  i n t r a v e n t r i c u l a r  p e r f u s i o n  w i th  i s o t o n ic  s a l i n e  and 10%
'A f o r m a l i n .  Frozen s ec t io n s  o f  the  b r a i n  were cut  a t  30 m icrons,  and a l t e r -
|  na te  sec t ions  were s ta in e d  w i th  the  Weil  and c resy l  violate s t a i n s .  Some
|  sec t ions  cu t  through the  r e t i c u l a r  le s io n s  were s ta in e d  by th e  Prussian
|  b lue  method so t h a t  any damage caused by e l e c t r o l y t i c  d e p o s i t io n  o f  i ron
I
 could be assessed.
See Appendix B f o r  mean peak am p l i tu d e  o f  evoked responses in m ic r o v o l t s .  
Data a r e  p resented  in Resul ts  s e c t io n  as Dercentaae o f  chanae from b a s e l i n e .
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F i q u r e  1 .
Waveforms o f  evoked responses recorded from s u b je c t  O i l 9 6 . Arrows
in d ic a te  p o in ts  from which peak ampl i tudes were measured.
A b b re v ia t io n s :  OT—>-LG, l a t e r a l  g e n ic u la t e  response evoked by shock 
to o p t i c  t r a c t ;  OT—»*0R, o p t i c  r a d i a t i o n  response evoked by shock to  
o p t ic  t r a c t ;  OT—^ V C , v is u a l  c o r te x  response evoked by shock to  o p t i c  
t r a c t ;  OR—̂ VC,  v is u a l  c o r t e x  response evoked by shock to o p t i c  r a d i a ­
t io n ;  O T S C , s u p e r io r  c o l l i c u l u s  response evoked by shock to o p t i c  
t r a c t .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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RESULTS
E f f e c t  o f  hypothalamic and r e t i c u l a r  s t im u l a t io n  in non - les ioned  c a t s :
The evoked responses o f  the l a t e r a l  g e n ic u la t e  body, o p t i c  
r a d i a t i o n ,  and s u p e r io r  c o l l i c u l u s  were s i g n i f i c a n t l y  increased in a m p l i ­
tude by both hypothalamic and r e t i c u l a r  s t i m u l a t i o n .  R e t i c u l a r  s t i m u l a ­
t io n  a ls o  f a c i l i t a t e d  the  responses o f  the v is u a l  c o r te x  evoked by o p t i c  
r a d i a t i o n  shocks w h i l e  hypothalamic s t im u l a t io n  suppressed them. F i g .
2 shows evoked responses recorded from one animal under the va r io u s  ex­
per im enta l  c o n d i t io n s .
The r e s u l t s  f o r  a l l  s u b jec ts  a re  p resented  in Tables 1 through
5-
T ab le  1 shows th e  percentage  change from b a s e l in e  o f  th e  a m p l i ­
tude o f  the  l a t e r a l  g e n i c u l a t e  body evoked response f o r  each c a t  dur ing  
several  i n t e n s i t i e s  o f  s t i m u l a t i o n  o f  q u ie t  b i t i n g  a t t a c k  p o in ts  in the  
hypothalamus, a f f e c t i v e  a t t a c k  p o in ts  in the  hypothalamus^and the  mid­
b ra in  r e t i c u l a r  f o r m a t io n .  In most ca ts  hypothalamic s t im u l a t io n  induced 
a s l i g h t  but  s t a t i s t i c a l l y  s i g n i f i c a n t  increase in the  g e n ic u la t e  response  
and r e t i c u l a r  s t i m u l a t i o n  induced a l a r g e r  in c re a s e .
Tab le  2 shows th e  percentage  change in the  am pl i tude  o f  the  
o p t i c  r a d i a t i o n  response dur ing  hypotha lamic  and r e t i c u l a r  s t i m u l a t i o n .
The o p t i c  r a d i a t i o n  response underwent a g r e a t e r  r e l a t i v e  increase  in 
am pl i tude  than the l a t e r a l  g e n ic u la t e  response. S ince  the o p t i c  r a d i a ­
t io n  a r i s e s  p r i m a r i l y  from th e  l a t e r a l  g e n ic u la t e  body, the evoked respon­
ses recorded from these s t r u c t u r e s  were expected to  change in th e  same 
d i r e c t i o n  dur ing c o n d i t io n in g  s t i m u l a t i o n .
The percentage  change in evoked response am pl i tude  o f  the
with permission of the copyright owner. Further reproduction prohibited without permission.
F i g u r e  2 .
Samples o f  averaged evoked responses recorded from s u b je c t  01196.
Abb r e v i a t i o n s : BL, b a s e l in e  response; OT—^LG, l a t e r a l  g e n ic u la t e  
response evoked by shock, to  o p t i c  t r a c t ;  OT—»-0R, o p t i c  r a d i a t i o n
response evoked by shock to  o p t i c  t r a c t ;  OT—»-VC, v is u a l  c o r t e x
response evoked by shock to  o p t i c  t r a c t ;  OR—* V C , v i s u a l  c o r t e x
response evoked by shock to  o p t i c  r a d i a t i o n ;  OT—^SC, s u p e r io r  col
l i c u lu s  response evoked by shock to  o p t i c  t r a c t .
&
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Change from Baseline of the Amplitude of the Lateral  Geniculate Body Response Evoked by a Shock to
the Opt i c Tract
Hypothalamic St imulat ion  
Quiet Attack A f fe c t iv e  Attack
Ret icu lar  Stimulat ion
1 .2Sub iect o j r 0.8 0 .4 0.8  1 .0 1 .2 0 .4 0.8
09146b + 19* *
10206 + 12** + 17** +5*
02166 + 12* +21** +25* *
i
02156 + 16* * +5 +23* * 1
02146 - 8 * * - 9 * * -1 - 8 *  . - 13* * - 18* *
12086 +20* +27** +25** +2 + 149-'-*
+ 127* *
12146 +5 + 10 + 11* +5
11 + 14*
+8
01176 +1 -3 0 -1 +10** + 17*
01186 +1 +13** +29* * +31* * + 14* +29* * +9
01196 -2 . 7 * +1 +5 +7*
1
+10** +8
Note: Two entr ies  under the  same heading fo r  a single  subject represent data obtained from
+38* *
In te n s i t ies  are in mi 11iamperes.
)
This’ cat appears only in Tables 1 and 5 because electrodes were not implanted in the superior co l l icu lus  
or opt ic  rad ia t ion .
*  P<.05



















T a b l e  2





Quiet Attack  
0 . 4* 0 .8
c St imulation  
Affect  ive Attack  
0 .4  0 .8  1.0
Ret icu lar  St imulation  
0 .4  0 .8  1.0 1.2
10206 + UD OO +86** +80**
02166 +2*1* +24* + 34*
02156 +3 3** +13 +44** +45**
02146 -5 -2 +5 -5 -2 +18
12086 +Zf7>vv +35* * +42** +74**
+75**
12146 + 15* + 15* +5 0 +2
-2
01176 +21* +32* * +32* * +53* * +47* *  +42*
01186 +12 +20 +28* +56** +72**  +48* + 148* *
01196 +46* +31 * * + 31* +38* +38** +62**  +15
Note: Two entr ies  under the same heading for  a single subject represent data obtained from two separate sessions,
a
In te n s i t ies  are in mi 11 iamperes.
*  P< 05
* * P <.001 All  s ign i f icance tests are t w o - t a i l .
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s u p e r io r  c o l l i c u l u s  induced by c o n d i t io n in g  s t i m u l a t i o n  is shown in T a b le  
3. Again there  was a general  increase  in am pl i tude  and th e  increase was 
g r e a t e s t  during r e t i c u l a r  s t i m u l a t i o n .  A lso ,  the  increase  was a p p a r e n t ly  
l a r g e s t  w i th  low i n t e n s i t i e s  o f  c o n d i t io n in g  s t i m u l a t i o n .  At the  h ig h e s t  
i n t e n s i t i e s  o f  a f f e c t i v e  a t t a c k  s t im u l a t io n  t h e r e  were two instances o f  
s i g n i f i c a n t  decreases in the  s i z e  o f  the  s u p e r io r  c o l l i c u l u s  response.
Tab le  k  shows percentage  changes in the  am p l i tu d e  o f  th e  s t r i ­
a te  c o r t i c a l  response evoked by a shock to  the o p t i c  r a d i a t i o n s .  There  
was a c l e a r  dichotomy between the  e f f e c t s  o f  hypothalamic and r e t i c u l a r  
s t im u l a t io n  on the  c o r t i c a l  evoked response. A l l  the  s t a t i s t i c a l l y  s i g ­
n i f i c a n t  changes induced by r e t i c u l a r  s t im u l a t io n  were increases in the  
response am pl i tude  w h i l e  a l l  the  s i g n i f i c a n t  changes induced by h y p o th a l ­
amic s t im u la t io n  were decreases .  A t  t e s t  on the  d i f f e r e n c e  between the  
e f f e c t s  o f  0.4ma. hypotha lamic  q u i e t  and a f f e c t i v e  a t t a c k  s t i m u l a t i o n  and 
0.4ma. r e t i c u l a r  s t i m u l a t i o n  y i e l d e d  a .001 t w o - t a i l  s i g n i f i c a n c e  l e v e l .
Changes in the  am p l i tu d e  o f  the  response o f  the  s t r i a t e  c o r t e x  
evoked by a shock to  the  o p t i c  t r a c t  a r e  shown in T a b le  5 - There was a 
very la rg e  increase in response am pl i tude  dur ing a l l  i n t e n s i t i e s  o f  r e ­
t i c u l a r  s t i m u l a t i o n .  At low i n t e n s i t i e s  o f  hypotha lamic  s t i m u l a t i o n  th e re  
was a small augmentation o f  the  response, but  a t  h ig h e r  i n t e n s i t i e s  t h e r e  
was a ' s i g n i f i c a n t  decrease in response am p l i tu d e .  The am pl i tude  o f  the  
s t r i a t e  c o r te x  response evoked by a shock to  the  o p t i c  t r a c t  is dependent  
upon both c o r t i c a l  and s u b c o r t i c a l  processes.  Thus during, hypothalamic  
s t im u la t io n  the  s i z e  o f  th e  c o r t i c a l  response to an o p t i c  t r a c t  shock  
depends upon whether  the  su p press ive  e f f e c t  a t  the  c o r t e x  is g r e a t e r  than  
the f a c i l i t a t i v e  e f f e c t  a t  the  l a t e r a l  g e n ic u la t e  body. From the  data  i t  
appears th a t  a t  low i n t e n s i t i e s  o f  hypothalamic s t i m u l a t i o n  the  s u b c o r t i -



















Percentage Change from Baseline of  the Amplitude of  the Superior Co l l iculus Response Evoked by a Shock to the









Hypothalamic S t im u la t io n 1
A f fe c t iv e  Attack  
0 .4  0 .8  1.0
Quiet. Attack  b0 .4  0.8
+90* *
+15 +18*
+ 130* *  +30
+ 31*  0
+52* +69**





+138** + 141* *
+13 -7  -23*
Ret icu lar  St imulation  






+ 71 * *
+ 1 5 9 * *  + 1 3 ] * *
+ 83* *  + 103* *
Note: Two entr ies  under the same heading for  a single subject represent data obtained from two separate sessions,
a
No superior c o l l ic u lu s  data were recorded in subjects 02156 and 02166 . The superior co l l icu lu s  evoked response 
of  subject 01186 was recorded only a f t e r  r e t i c u la r  lesions were made.
^  1
In te n s i t ie s  are in mi 11iamperes.
*  P<.05

















T a b le  4
Percentage Change from Baseline of  the Amplitude of the S t r ia te  Cortex Response Evoked by a Shock to the
Optic Radiation
Hypothalamic Stimulation  
Quiet Attack A f fe c t iv e  Attack
Sub iect M 0.8 0 .4 0.8 1.0 1.2 0.4 0.8
10206 -6 - 19* -8
02166 . 3 9 * * + 13 +9
02156 +7 - 48* * +110**
02146 +13 0 +14 -13 +99** +66*






- 30* * -6 2 * * + 4 7 * *
+ 41* *
+20*b
01176 -16 - 17* -13 -6 8 * * + 18* +16*
01186 0 +10 +6 +10 - 61* * +26* +32*
01196 -10 -8 5 * * -3 -25 *  - 44* * +21*
Reticular  Stimulation




Note: Two or more entr ies  under the same heading for  a s ingle  subject represent data obtained from separate sessions
a
In te n s i t ie s  are in mi 11iamperes.
b
This datum was obtained when the strength of the opt ic  radiat ion stimulus was increased to the point where 
the baseline evoked response was approximately eight times greater  in amplitude than i t  was in the two 
preceding sessions.
*  ?<. 05


















Percentage Change from Baseline of the Amplitude of the S t r ia te  Cortex Response Evoked by a Shock to the
Optic Tract
Hypothalamic Stimulation  
Quiet Attack A f fec t ive  Attack
Ret icu lar  Stimulation
Sub iect 0 . 4a 0.8  1.2 0 .4  0.8 1.0 1.2 0 .4 0.8  1.0
091^6 +55** -46 ■
10206 +92** +84* * +162**
02166 +28** +53* * + 135* *
02156 +22 - 37* + 131* * +100**
02146 +32* +50* * +44**  +22* + 118* *
1
+97**
12086 +34** +Zf2** + 53**  —62** +165**
+ 136* *
12146. +43* * +26* -3 . 7 9 * * + 97**
+23*
01176 +8 +3 - 2 0 * *  -96 * * •+38**
1
+37**
01186 +26 +21 - 71* * +54*  +111** - 91*
1
+202** +205* *
01196 +20 - 63 '“" 0 -4 - 46* * +84* * + 143* *  + 130* *
1 . 2
+565**
Note: Two entr ies  under the same heading fo r  a single  subject represent data obtained from two separate sessions,
a
In te n s i t ie s  are in mi 11iamperes.
*  P* .05
* *P <.001 Al l  s ign i f icance tests are t w o - t a i l .
cal  e f f e c t  predominated w h i le  a t  h ig h e r  i n t e n s i t i e s  the  c o r t i c a l  e f f e c t  
was dominant.
In sh o r t  i t  was found t h a t  r e t i c u l a r  s t i m u l a t i o n  caused a f a ­
c i l i t a t i o n  o f  evoked p o t e n t i a l s  a t  s u b c o r t ic a l  and c o r t i c a l  l e v e ls  o f  the  
v is u a l  system and t h a t  hypothalamic s t i m u l a t i o n  produced a f a c i l i t a t i o n  
a t  s u b c o r t ic a l  l e v e l s  and a suppression a t  the  c o r t e x .
E f f e c t  o f  hypothalamic s t i m u l a t i o n  in cats  w i th  r e t i c u l a r  l e s i o n s :
T a b le  6 shows the percentage  change in am pl i tude  o f  the  evoked 
responses recorded from s u b c o r t i c a l  and c o r t i c a l  v is u a l  s t r u c t u r e s  dur ing  
hypothalamic s t i m u l a t i o n  in t h r e e  cats  w i th  l a r g e  b i l a t e r a l  r e t i c u l a r  l e s ­
ions . The changes were in the same d i r e c t i o n  and o f  a p p ro x im a te ly  the  
same magnitude as b e fo re  the le s io n s  were made: t h e r e  was a f a c i l i t a t i o n  
o f  the  evoked responses a t  s u b c o r t i c a l  l e v e ls  and a suppression a t  the  
c o r t e x  dur ing s t i m u l a t i o n  o f  e i t h e r  q u ie t  b i t i n g  a t t a c k  p o in ts  o r  a f f e c ­
t i v e  a t t a c k  p o in ts  in the  hypotha1amus.
H i s t o l o g y :
F ig .  3 shows the  hypothalamic lo c a t io n s  o f  the  p o in ts  from 
which q u ie t  b i t i n g  and a f f e c t i v e  a t ta c k s  were e l i c i t e d  in each s u b je c t .  
Most o f  the a f . f e p t i v e  a t t a c k  p o in ts  were in ,  o r  immediately  a d ja c e n t  to ,  
the  f o r n i x  and the  ventromedia l  nuc leus ,  w h i l e  the q u i e t  a t t a c k  p o in ts  
were u s u a l l y  l a t e r a l  o f  the  f o r n i x / 4.
k -
Photographs o f  e l e c t r o d e  t r a c t s  in the  l a t e r a l  g e n ic u la t e  body, o p t i c  
r a d i a t i o n ,  s u p e r io r  c o l l i c u l u s ,  and m idbra in  r e t i c u l a r  fo rm a t ion  can 
be found in Appendix D.
with permission of the copyright owner. Further reproduction prohibited without permission.
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T a b le  6
Percentage Change from B a s e l in e  o f  the Ampli tude o f  Evoked Responses dur ing  
Hypothalamic S t im u la t io n  in Cats w i t h  B i l a t e r a l  R e t i c u l a r  Lesions
Sub i ec t
Quiet A t t a c k  
0.4* 0 . 8 1 . 2
A f f e c t i v e  A t ta c k  
0 . 4  0 . 8  1.0 1 . 2




01176 + 1 + 13* -5 +2
01186 + 13** + 9* * +1 7* * + 9* * + 4 *
01196 -4 - 4 - -2 -6  - 4
OPTIC RADIATION RESPONSE EVOKED BY SHOCK TO OPTIC TRACT
01176 -4 + 1 4 * + 14 + 3 2 * *
01186 + 21* * + 2 4 * +8 + 21*
01196 + 15* + 20* + 15* + 3 5 *  +15
SUPERIOR. COLLICULUS RESPONSE EVOKED BY SHOCK TO OPTIC TRACT
01176 -16 +3 +24 +9
01186 + 17 + 38*  + 26* + 55* * + 77* * + 34*
01196 + 36* + 5 0 * + 6 0 * * + 47*  + 47*
STRIATE CORTEX RESPONSE EVOKED BY SHOCK TO OPTIC RADIATION
01176 -10 -8 - 2 7 * - 5 4 * *
01186 - 2 9 * * - 27*  - 6 4 * * - 1 8 * -13 - 58* '*
01196 -6 - 5 7 * * -3 - 1 0  - 3 3 * *
STRIATE CORTEX RESPONSE EVOKED BY SHOCK TO OPTIC TRACT
01176 -15 -5 - 4 6 * - 5 9 * *
01186 +44* * + 71* *  - 4 2 * + 4 6 * * + 82* * - 2 4 *
01196
1
+1 - 100*-* - +28* +7 -3
I n t e n s i t i e s  are  in mi 11 i amperes.
r P<. 05 
r*P<. 001 A l l  s i g n i f i c a n c e  t e s t s  a re  t w o - t a i l .




F i g u r e  3 .
Anatomical l o c a l i z a t i o n  o f  hypotha lamic  e l e c t r o d e s .  Quie t  and a f f e c t i v e
a t t a c k  p o in ts  a r e  p l o t t e d  on coronal  sec t ions  o f  the  ca t  diencephalon
taken from the  s t e r e o t a x i c  a t l a s  o f  Jasper  and Ajmone-Marsan (195^0•
A b b r e v ia t io n s :  aHd, area  hypothalamica d o r s a l i s ;  AL, ansa 1 e n t i c u l a r i s ; 
ATR, a n t e r i o r  th a la m ic  r a d i a t i o n s ;  Ch, chiasma opt icum; En, N. e n t o -  
p e d u n c u l a r is ; F i l ,  N. f i l i f o r m i s ;  FT, f a s c i c u l u s  th a lam icu s ;  F X ,_ f o r n i x ;  
Ha, hypothalamus a n t e r i o r ;  HL, hypothalamus l a t e r a l i s ;  Hp, hypothalamus 
p o s t e r i o r ;  Hvm, hypothalamus v en tro m ed ia1 i s ; LME, lamina m e d u l la r is  ex­
t e r n a ;  MFB, median f o r e b r a i n  bundle;  M l ,  N. m a m i l l a r i s  l a t e r a l i s ;  Mm, 
corpus m a m i l la re ;  N Hvm, N. Hypothalami ven trom ed ia1 i s ; Ped, pedunculus 
c e re b ra l  i s ;  P T I ,  pedunculus tha lam icus i n f e r i o r ;  PVH, N. p e r i v e n t r i c u -  
l a r i s  hypothalami-;  RE, N. reun iens;  RPO, reg io  p r a e o p t ic a ;  Sch, N. 
supra c h ia s m a t ic u s ; SO, N. s u p r a o p t ic u s ; TMT, t r a c t u s  mami 1 l o - t h a l a m i c u s ; 
TO, t r a c t u s  o p t i c u s ;  Z l ,  zona i n c e r t a .







































The maximum e x te n t  o f  the  b i l a t e r a l  r e t i c u l a r  les io n s  made in 
t h ree  s u b je c ts  is shown in F ig .  k .  The areas  destroyed l a r g e l y  c o inc ide  
w ith  the  ana tom ica l  midbra in  r e t i c u l a r  fo rm a t io n  as d e f ined  by Rossi and 
Zan ch e t t i  (1957 ,  p . 2 1 0 ) .  An examinat ion  o f  le s io n  sec t ions  s ta in e d  by 
the Prussian  b lu e  method revea led  t h a t  t h e r e  was no d e p o s i t io n  o f  iron 
a t t r i b u t a b l e  to  the  le s io n in g  process.







Photographs o f  W e i l - s t a i n e d  coronal sec t io n s  o f  ca t  m idbra in  showing 
maximum e x t e n t  o f  r e t i c u l a r  l e s io n s .  Lesions o f  r i g h t  s id e  a r e  l a r g e s t  
in sec t ions  on r i g h t .  Lesions o f  l e f t  s id e  a r e  l a r g e s t  in s ec t io n s  
on l e f t .  Maximum e x t e n t  o f  both lesiions in su b je c t  01196 is shown in 
a s i n g l e  s e c t i o n .
‘•5
V .  -
1
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The numerous anatomical  in te rc o n n e c t io n s  between the  hypo­
thalamus and the  m id bra in  r e t i c u l a r  fo rm a t io n  (Nauta ,  unpubl . )  might  
lead to  the  s u p p o s i t io n  th a t  t h e i r  i n f lu e n c e  on evoked p o t e n t i a l s  is 
s i m i l a r  o r  i d e n t i c a l ,  but the r e s u l t s  o f  t h i s  exper iment show t h a t  hypo­
th a lam ic  s t i m u l a t i o n  and r e t i c u l a r  s t i m u l a t i o n  have oppos i te  e f f e c t s  on 
the  am p l i tu d e  o f  evoked responses recorded a t  the v isua l  c o r t e x .
In the  p re s e n t  study s t a t i s t i c a l l y  s i g n i f i c a n t  i n t r a c o r t i c a 1 
f a c i l i t a t i o n  o f  the  evoked response dur ing  r e t i c u l a r  s t im u l a t io n  was 
d i r e c t l y  observed in the  c h ro n ic ,  awake c a t .  Cavagg.ioni and G o ld s te in
(1965) recorded the  s t r i a t e  c o r t i c a l  response to o p t i c  r a d i a t i o n  shocks 
in the  a c u te ,  m idpont ine  p r e t r ig e m in a l  ca t  and observed an in c rease  in 
am pl i tude  dur ing  r e t i c u l a r  s t i m u l a t i o n .  But the  increase was d i f f i c u l t  
to o b ta in  and no s t a t i s t i c a l  e v a lu a t i o n  o f  th e  r e s u l t s  was g iv e n .  I n t r a -  
c o r t i c a l  f a c i l i t a t i o n  o f  the evoked response dur ing  r e t i c u l a r  s t i m u l a t i o n  
was i n f e r r e d  by Bremer and Stoupel (195 8 ;1 9 5 9 )  and Dumont and D e l l  ( 1960)  
from the  r e l a t i v e l y  g r e a t e r  increase  in th e  c o r t i c a l  component o f  the  
evoked response o f  the  s t r i a t e  c o r t e x  to  an o p t i c  t r a c t  shock than in the  
component r e p r e s e n t in g  the  o p t i c  r a d i a t i o n  i n f l u x  to  the c o r t e x .
The f a i l u r e  to f i n d  i n t r a c o r t  ica l  f a c i l i t a t i o n  o f  v i s u a l  evoked
responses dur ing  the  waking s t a t e  as opposed to  slow-wave s leep  rep o r ted
by Dagnino e t  a l . (1965)  and Evar ts  e t  a l .  ( i 960 ) ind ic a tes  t h a t  th e  chan­
ges o c c u r r in g  in the  responsiveness o f  the  v is u a l  system dur ing  th e  s l e e p -  
wakefulness c y c le  a r e  d i f f e r e n t  from those induced by e l e c t r i c a l  s t i m u l a ­
t io n  o f  the r e t i c u l a r  fo rm a t io n .
Walsh and Cordeau (1965)  observed a l a r g e  momentary inc rease
in the  am p l i tu d e  o f  th e  c o r t i c a l  response to  an o p t i c  r a d i a t io n  shock
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during the  t r a n s i t i o n  from sleep to w a k e fu ln e s s .  I t  is p o s s ib le  t h a t  
the phasic f a c i l i t a t i o n  which occurs dur ing  th e  process o f  waking-up is 
analogous to  the  f a c i l i t a t i o n  induced by r e t i c u l a r  s t i m u l a t i o n .
The i n t r a c o r t i c a 1 suppression o f  evoked responses dur ing  hypo­
tha lam ic  s t i m u l a t i o n  observed in the  p rese n t  exper iment  has not  been p r e ­
v io u s ly  s tu d ie d .  Perhaps the most l i k e l y  pathway through which t h i s  sup­
p ress ive  e f f e c t  on th e  c o r t e x  is mediated is p a r t  o f  the well -known Papez 
c i r c u i t  (Papez, 1937) which runs from the  hippocampus through the f o r n i x  
to  the hypothalamus, then through the  mam il 1 o tha  1 ami c t r a c t  to  the  an ­
t e r i o r  th a lam ic  n u c le i  and thence to the  c ingulum and the c i n g u l a t e  g y ^  
r u s . Yakovlev and Locke (1961) observed f i b e r s  running from the  c in g u ­
lum to the m edu l la ry  substance under ly ing  the  s t r i a t e  c o r t e x .  Support  
f o r  th is  i n t e r p r e t a t i o n  is provided by a rece n t  study (Redding, 1967) 
in which s t i m u l a t i o n  o f  the hippocampus was found to cause suppression  
o f  the response o f  th e  v is u a l  c o r te x  evoked by an o p t i c  t r a c t  shock.
I t  is a l s o  p o s s ib le  to e x p la in  the  d i f f e r e n c e s  between th e  
e f f e c t s  o f  hypotha lamic  and r e t i c u l a r  s t i m u l a t i o n  a t  the  c o r t e x  by assum­
ing th a t  both the  hypothalamus and the  m id bra in  r e t i c u l a r  fo rm at ion  have 
an i d e n t ic a l  e f f e c t  on c o r t i c a l  evoked responses,  an e f f e c t  which changes 
from f a c i l i t a t i o n  t o  suppression o r  from suppression to  f a c i l i t a t i o n  as 
a func t io n  o f  t im e .  The observed d i f f e r e n c e s  might  then r e s u l t  from d i f ­
f e r e n t  conduct ion t imes between the hypothalamus and the c o r te x  and the  
midbrain r e t i c u l a r  fo rm a t io n  and the c o r t e x .  However,  th is  is not a l i k e  
ly  exp la n a t io n  because in p i l o t  work i t  was found t h a t  vary ing  the  i n t e r ­
val between the  l a s t  pu lse  o f  the  c o n d i t io n in g  t r a i n  and the o p t i c  t r a c t  
or o p t ic  r a d i a t i o n  shock from about 5 to  20 msec, d id  not a l t e r  the  chan­
ges in evoked p o t e n t i a l  am p l i tu d e  induced by t h e  c o n d i t io n in g  t r a i n .
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Both hypotha lamic  and r e t i c u l a r  s t im u l a t io n  produced augmenta­
t io n  o f  evoked responses recorded from the l a t e r a l  g e n i c u l a t e  body and 
o p t ic  r a d i a t i o n .  The hypothalamic e f f e c t  was probab ly  not  mediated by 
i n d i r e c t  a c t i v a t i o n  o f  the  r e t i c u l a r  fo rm a t ion  s ince  i t  p e r s i s t e d  a f t e r  
most o f  the r e t i c u l a r  fo rm a t io n  was des troyed .  The l a t e r a l  g e n ic u la t e  
bodies a re  connected to each o th e r  through the s u p ra o p t ic  commissures as 
are  the  s u p e r io r  c o l l i c u l i  (Knook, 1965, p . 4 2 8 -4 3 3 ) -  The commissural  
f ib e r s  run w i t h i n  the  v e n t r a l  hypothalamus and a r e  a d ja c e n t  to the f o r n i x  
a t  one p o i n t .  S t i m u la t i o n  o f  the  hypothalamus may have e x c i t e d  these  
f i b e r s  and thereby  caused p o t e n t i a t i o n  o f  evoked responses in the  l a t e r a l  
g e n ic u la te  body, o p t i c  r a d i a t i o n ,  and s u p e r io r  c o l l i c u l u s .
The l a r g e  and s t a t i s t i c a l l y  s i g n i f i c a n t  in c rease  in the a m p l i ­
tude o f  evoked responses recorded from the  s u p e r io r  c o l l i c u l u s  dur ing  
r e t i c u l a r  s t i m u l a t i o n  found in the present  exper iment  was a ls o  observed  
by Marchia fava  and Pepeu (1966)  in a c u te ,  midpont ine p r e t r i g e m i n a 1 c a t s .  
However they d id  not  e v a lu a te  t h e i r  r e s u l t s  s t a t i s t i c a l l y .  They suggest  
th a t  the f a c i l i t a t i o n  r e s u l t s  from a d e p o l a r i z a t i o n  o f  t e c t a l  c e l l s  p ro ­
duced by r e t i c u l a r  s t i m u l a t i o n .  J a s s ik -G e r s c h e n f e ld , Ascher ,  and Guevara
(1966) found t h a t  the  t e c t a l  response to  e l e c t r i c a l  s t i m u l a t i o n  o f  the  
o p t ic  t r a c t  could  be enhanced by s t r y c h n i n i z a t i o n  o f  th e  s t r i a t e  c o r te x  
and depressed by i t s  a b l a t i o n .  Thus the  f a c i l i t a t i o n  o f  c o l l i c u l a r  re ­
sponses dur ing  r e t i c u l a r  s t im u l a t io n  may a ls o  be" mediated by a c o r t i c o -  
t e c t a l  pathway.
F a c i l i t a t i o n  o f  the s u p e r io r  c o l l i c u l u s  evoked response dur ­
ing hypothalamic s t i m u l a t i o n  has not been p r e v i o u s ly  r e p o r t e d .  That  such 
f a c i l i t a t i o n  was observed even when the  c o r t i c a l  response was suppressed  
and t h a t  i t  p e r s i s t e d  a f t e r  l a r g e  b i l a t e r a l  les io n s  were made in the  re ­
t i c u l a r  fo rm a t ion  suggests t h a t  hypothalamic e f f e c t s  on the  s u p e r io r
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c o l l i c u l u s  may have been mediated through s t i m u l a t i o n  o f  col 1 i c u l o - c o l 1 i -  
c u l a r  f i b e r s  in the  s u p ra o p t ic  commissures as mentioned above.
Changes in evoked response am p l i tu d e  in cats  induced by p e r i ­
phera l  o r  c e n t r a l  r e t i c u l a r  a c t i v a t i o n  have been considered to  r e f l e c t  
perceptua l  processes which occur  dur ing  a rousa l  and a t t e n t i o n .  Hernandez-  
Peon, Guzman-Flores, A l c a r a z ,  and F ernandez -G u ard io la  (1957) s tu d ie d  pho­
t i c  evoked p o t e n t i a l s  o f  the  o p t i c  t r a c t ,  l a t e r a l  g e n ic u la t e  body, v is u a l  
c o r te x  and midbrain  r e t i c u l a r  fo rm at ion  in u n a n e s t h e t i z e d ,u n r e s t r a in e d  
c a t s .  They found t h a t  a l l  the  evoked responses were depressed when the  
cat  was d i s t r a c t e d  from the  p h o t ic  s t im ulus  by a c o u s t ic  (wh isper ing )  o r  
o l f a c t o r y  ( f i s h  odor) s t i m u l i .  In ano ther  s tu d y ,  Hernandez-Peon, S c h e r r e r ,  
and Jouvet (1956) recorded c l i c k  evoked p o t e n t i a l s  from the dorsa l  coch­
l e a r  nucleus in f re e ly -m o v in g  cats  and observed t h a t  whenever the  c a t  
a t tended to v is u a l  (mice in a c losed b o t t l e ) ,  o l f a c t o r y  ( f i s h  odor) o r  
somatic ( n o c ic e p t iv e  forepaw shock) s t i m u l i ,  the  a u d i t o r y  evoked responses  
were d imin ished in a m p l i tu d e .  Both these  s tu d ie s  were taken as ev idence  
t h a t  sensory t ransm iss ion  in an i r r e l e v a n t  m o d a l i ty  was i n h ib i t e d  dur ing  
a t t e n t i o n  to  s t i m u l i  in o t h e r  m o d a l i t i e s ,  a l th ough  the  re levancy o f  the  
f i r s t  study was thrown in doubt by Naquet e t  a l  . ( I 9 6 0 )  who observed t h a t  
the a m p l i tude  o f  the  p h o t ic  evoked response o f  the  l a t e r a l  g e n ic u la t e  
body was a f u n c t io n  o f  the  d iam eter  o f  the  p u p i l 5  Hernandez-Peon (1961)  
hypothesized t h a t  th e  r e t i c u l a r  fo rm a t io n  f u n c t io n e d  as an i n t e g r a t i n g  
or  "dec is ion -m aking  system" which rece ived  in fo rm a t io n  from the  c o r t e x
^The r e l a t i o n s h i p  between p u p i l  d iam eter  and th e  a m p l i tude  o f  the  p h o t ic  
evoked response o f  the  v is u a l  c o r t e x  was less c l e a r .
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and from e x t ra -1 e m n is e a l  sensory c o l l a t e r a l s  and then determined which 
sensory s t i m u l i  would be i n h i b i t e d  and which f a c i l i t a t e d  a t  the f i r s t  
a f f e r e n t  synapse. The assumption i m p l i c i t  in t h i s  th e o ry  is t h a t  the  
am pl i tude  o f  evoked responses in the  r e l e v a n t  sensory m o d a l i ty  increases  
during r e t i c u l a r  a c t i v a t i o n .  But Horn ( I9 6 0 )  found t h a t  when a ca t  was 
aroused by the s i g h t  o f  a mouse, p h o t i c  evoked responses were reduced in 
a m p l i tu d e ,  not in c rease d .  Thus Horn r e j e c t e d  Hernandez-Peon1s c o n te n t io n  
th a t  a reduc t ion  in am p l i tu d e  o f  evoked responses s i g n i f i e s  a p e rce p tu a l  
b lock in g  mediated by r e t i c u l a r  i n h i b i t o r y  impulses. The c o n t r a d i c t o r y  
nature  o f  the  ev idence  suggests t h a t  the  p erce p tu a l  s i g n i f i c a n c e  o f  evoked 
response changes dur in g  r e t i c u l a r  a c t i v a t i o n  has y e t  to  be dete rm in ed .
I f  changes in evoked response am p l i tu d e  a r e  an i n d i c a t i o n  o f  
the processes o c c u r r in g  in the c e n t r a l  nervous system dur ing  p e r c e p t io n  
and a t t e n t i o n  then s t i m u l a t i o n  o f  two lo c i  in the  b r a in  each o f  which 
a l t e r s  the  a n i m a l 's  b e h a v io r  w i th  respec t  to  d i f f e r e n t  s p e c i f i c  s t i m u l i  
w i t h in  i t s  environment should cause d i f f e r e n t i a l  changes in evoked respon­
ses. In th e  p rese n t  exper iment  s t i m u l a t i o n  o f  the  l a t e r a l  hypothalamus  
e l i c i t e d  q u ie t  b i t i n g  a t t a c k  which was s p e c i f i c a l l y  d i r e c t e d  to  a r a t  
w h i le  s t i m u l a t i o n  o f  the  p e r i f o r n i c a l  reg ion o f  the  hypothalamus e l i c i t e d  
a f f e c t i v e  a t t a c k  which was d i r e c t e d  more f r e q u e n t l y  a t  the ex p e r im e n te r  
than a t  the r a t  and which sometimes tu rned  in to  a n o n - d i r e c t e d , g e n e r a l ­
ized rage. Yet both types o f  s t i m u l a t i o n  had s i m i l a r  e f f e c t s  on the  
evoked responses o f  s u b c o r t i c a l  and c o r t i c a l  v is u a l  s t r u c t u r e s .  I t  t h e r e ­
fo r e  must be concluded t h a t  changes in evoked response a m p l i tu d e  cannot  
be r e la te d  in any s im p le  way to a l t e r a t i o n s  in pe rc e p tu a l  processes which  
are assumed to  accompany such changes.
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Append ix  A 
T ab le  1 
Enumeration o f  Subjec ts
Subjects  on which f i n a l  data  were c o l l e c t e d
Subject  on which complete da ta  were c o l l e c t e d  
but were r e j e c t e d  because o f  inaccu ra te  
e le c t r o d e  placement (see Appendix C)
Subjects  used f o r  p i l o t  exper iments  but not  
used in f i n a l  experiment  because o n ly  
monopolar record ing  e le c t r o d e s  were 
implanted in them
Subjects  which d ied  b e fo re  da ta  could be c o l l e c t e d
t o t a l
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Tab le  1
Mean Evoked Response Am pl i tude  in M ic r o v o l t s  f o r  Sub jec t  #09146
45
B a se l ine
Hypothalamic S t im u la t io n  
Quie t  A t ta c k  A f f e c t i v e  A t ta c k  
0 . 4 a 0 . 4
LATERAL GENICULATE RESPONSE EVOKED BY SHOCK TO OPTIC TRACT 
208 247
STRIATE CORTEX RESPONSE EVOKED BY SHOCK TO OPTIC TRACT
205 317 110
a
I n t e n s i t i e s  in t h i s  and the  f o l l o w i n g  Tables a r e  in mi 11 iamperes.
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A p p en d ix  B ( c o n t d . )
Tab le  2
Mean Evoked Response Am pl i tude in M ic r o v o l t s  f o r  Subject  #10206
Base l ine
Hypothalamic  S t im u la t io n  
Quie t  A t t a c k  A f f e c t i v e  A t t a c k  
0 , 4  0 . 4
R e t i c u l a r  S t im u la t io n
0 . 4
LATERAL GENICULATE RESPONSE EVOKED BY SHOCK TO OPTIC TRACT
649 727 759 684
OPTIC RADIATION RESPONSE EVOKED BY SHOCK TO OPTIC TRACT
133 264 247 239
SUPERIOR COLL ICULUS RESPONSE EVOKED BY SHOCK TO OPTIC TRACT
41 78 95 124
STRIATE CORTEX RESPONSE EVOKED BY SHOCK TO OPTIC TRACT
202 387 371 529
STRIATE CORTEX RESPONSE EVOKED BY SHOCK TO OPTIC RADIATION
36 34 29 33
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
47
A p p e nd ix  B ( c o n t d . )
T a b le  3
Mean Evoked Response Am pl i tude in M ic r o v o l t s  f o r  Subject  #02166
Base l i  ne
Hypothalamic  S t i m u la t i o n  
Q uie t  A t t a c k  A f f e c t i v e  A t t a c k
0 . 4  0 . 4
R e t i c u l a r  S t im u la t io n
0 . 4
LATERAL GENICULATE RESPONSE EVOKED BY SHOCK TO OPTIC TRACT
177 199 214 222
OPTIC RADIATION RESPONSE EVOKED BY SHOCK TO OPTIC TRACT
29 36 36 39
STRIATE CORTEX RESPONSE EVOKED BY SHOCK TO OPTIC TRACT
232 296 355 545
STRIATE CORTEX RESPONSE EVOKED BY SHOCK TO OPTIC RADIATION
325 198 369 354
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Appendix  B ( c o n t d . )
T a b le  4
Mean Evoked Response Ampl i tude in M ic r o v o l t s  f o r  Subject  #02156
B ase l i  ne
Hypothalamic S t i m u la t i o n  
A f f e c t i v e  A t t a c k  
0 . 4  1 .0
R e t i c u l a r  S t im u la t io n  
0 . 4  1 .0
LATERAL GENICULATE RESPONSE EVOKED BY SHOCK TO OPTIC TRACT
432 503 455 531
OPTIC RADIATION RESPONSE EVOKED BY SHOCK TO OPTIC TRACT
55 73 62 79 80
STRIATE CORTEX RESPONSE EVOKED BY SHOCK TO OPTIC TRACT
148 181 94 342 296
STRIATE CORTEX RESPONSE EVOKED BY SHOCK TO OPTIC RADIATION
176 189 92 369 506
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A p p e n d ix  B ( c o n t d . )
Tab le  5
Mean Evoked Response Am pl i tud e  in M ic r o v o l ts  f o r  Subject  #02146
Hypothalamic S t i m u la t i o n  
Quie t  A t t a c k  A f f e c t i v e  A t ta c k
B a se l i  ne 0 . 4  0 . 8  0 . 4  0 .8
R e t i c u l a r  S t im u la t io n  
0 . 4  0 . 8
LATERAL GENICULATE RESPONSE EVOKED BY SHOCK TO OPTIC TRACT
635 583 578 627 583 551 521
OPTIC RADIATION RESPONSE EVOKED BY SHOCK TO OPTIC TRACT
39 37 38 41 37 38 46
SUPERIOR COLL ICULUS RESPONSE EVOKED BY SHOCK TO OPTIC TRACT
40 46 47 39 52 4o 42
STRIATE CORTEX RESPONSE EVOKED BY SHOCK TO OPTIC TRACT
186 245 279 267 226 405 366
STRIATE CORTEX RESPONSE EVOKED BY SHOCK TO OPTIC RADIATION
158 178 160 180  138 315 263
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T ab le  6
Mean Evoked Response Am pl i tude  in M ic r o v o l t s  f o r  Sub jec t  #12086
Hypothalamic  S t im u la t io n  
Q uie t  A t t a c k  A f f e c t i v e  A t t a c k
0 . 4  0 . 8B ase l i  ne 0 . 4  0 . 8
R e t i c u l a r  S t i m u la t i o n  
0 . 4  0 . 8
LATERAL GENICULATE RESPONSE EVOKED BY SHOCK TO OPTIC TRACT
205
225




34 50 46 59
12 21 17 21
SUPERIOR COLL ICULUS RESPONSE EVOKED BY SHOCK TO OPTIC TRACT
10 23 42 47
23 30 40 55









STRIATE CORTEX RESPONSE EVOKED BY SHOCK TO OPTIC RADIATION
971 853 1131 1064
484 808
103 84 58 137 155
Each row o f  numbers re p res en ts  data  o b ta in e d  from s e p a ra te  sess ions .
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A ppend ix  B ( c o n t d . )
Tab le  7
Mean Evoked Response Am pl i tude in M ic r o v o l t s  f o r  S u b je c t  #12146
Hypothalamic  S t im u la t io n  
Quie t  A t t a c k  A f f e c t i v e  A t t a c k  
B a s e l in e  0 . 4  0 . 8  0 . 4  0 . 8
R e t i c u l a r  S t im u la t io n
0 . 4
















































Each row o f  numbers repres en ts  data o b ta in ed  from s e p a r a te  sess ions .
b
These data  were o b ta in ed  when the  s t re n g th  o f  the  o p t i c  r a d i a t i o n  
s t im u lus  was increased to  the  p o i n t  where the  b a s e l in e  evoked response  
was ap p ro x im a te ly  e i g h t  t imes g r e a t e r  in am p l i tude  than i t  was in  the  
two p reced ing  ses s io ns .
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A ppendix  B ( c o n t d . )
Tab le  8
Mean Evoked Response Ampli tude in M ic r o v o l t s  f o r  Subject  #01176
Hypothalamic S t im u la t io n  
Quie t  A t ta c k  A f f e c t i v e  A t t a c k  
B a s e l in e  0 . 4  0 . 8  0 . 4  0 . 8
R e t i c u l a r  S t i m u la t i o n  
0 . 4  0 . 8
LATERAL GENICULATE RESPONSE EVOKED BY SHOCK TO OPTIC TRACT
263 280
a
242239 232 239 237
232 235 261 220 237
OPTIC RADIATION RESPONSE EVOKED BY SHOCK TO OPTIC TRACT
19 23 25 25 29
22 21 25 24 29
28
SUPERIOR COLL ICULUS RESPONSE EVOKED BY SHOCK TO OPTIC TRACT
27
29 44 49 69 70 75 67
37 31 38 46 73
STRIATE CORTEX RESPONSE EVOKED BY SHOCK TC) OPTIC TRACT
106 114 109 85 4 146 145
65 54 62 35 26
STRIATE CORTEX RESPONSE EVOKED BY SHOCK TO OPTIC RADIATION
328 277 273 286 106 387 381
263 238 242 192 121
The f i r s t  row represents  data  ob ta ined  from the  i n t a c t  an im a l .  The  
second row represents  data  ob ta ined  from the  animal a f t e r  r e t i c u l a r  
l es io n s  were made.
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T ab le  9
Mean Evoked Response Am pl i tude in M ic r o v o l t s  f o r  Sub jec t  #01186
Hypothalamic S t im u la t io n  
Quiet  A t t a c k  A f f e c t i v e  A t t a c k
B a s e l in e  0 . 4  0 . 8  1 .2  0 . 4  0 . 8  1 .2
R e t i c u l a r  S t im u la t io n  
0 . 4  0 . 8  1 .2
LATERAL GENICULATE RESPONSE EVOKED BY SHOCK TO OPTIC TRACT
1095 930
a
852 863 961 1099 1111 975
863 978 944 1011 939 901
OPTIC RADIATION RESPONSE EVOKED BY SHOCK TO OPTIC TRACT
43 3625 28 30 32 39
38 46 47 41 46
SUPERIOR COLL ICULUS RESPONSE EVOKED BY SHOCK TO OPTIC TRACT 
b
47 55 65 59 73 83 63
1175
62
STRIATE CORTEX RESPONSE EVOKED BY SHOCK TO OPTIC TRACT
173 217 208 51 267 365
l
15 i 521 528 1150
99 143 169 58 145 181
75 !
STRIATE CORTEX RESPONSE EVOKED BY SHOCK TO OPTIC R;*\D 1 ATI ON
433 433 475 461 478 170 547 572 762
438 313 319 156 362 383 184
a
The f i r s t  row represents  d a ta  ob ta in ed  from th e  i n t a c t  a n im a l .  The 
second row represents  da ta  o b ta in ed  from th e  animal a f t e r  r e t i c u l a r  
l es io n s  were made.
b
This  row represents  data  o b ta ined  from th e  les ioned  a n im a l .  B e fo re  the  
l e s io n  was made th e  c o l l i c u l a r  response was too small  to  record .
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A p p e n d ix  B ( c o n t d . )
T ab le  10
Mean Evoked Response Am pl i tude  in M ic r o v o l t s  f o r  Subject  #01196
Hypothalamic S t i m u la t i o n  
Quie t  A t ta c k  A f f e c t i v e  A t t a c k  
B a s e l in e  0 . 4  0 . 8  0 . 4  0 . 8  1 .0
R e t i c u l a r  S t i m u la t i o n  
V 0 . 4 0 . 8  1.0
LATERAL GENICULATE RESPONSE EVOKED BY SHOCK TO OPTIC TRACT
709 700648a 632 599 657 680 695
646 623 622 633 609 618
OPTIC RADIATION RESPONSE EVOKED BY SHOCK TO OPTIC TRACT
20 1513 18 17 17 18 18
20 23 24 23 27 23
SUPERIOR COLL ICULUS RESPONSE EVOKED BY SHOCK TO OPTIC TRACT
55 6130 40 35 34 28 23
58 79 87 93 85 85
STRIATE CORTEX RESPONSE EVOKED BY SHOCK TO OPTIC TRACT
180 23798 117 35 97 94 53
88 89 0 113 94 85
STRIATE CORTEX RESPONSE EVOKED BY
337 302 50 327 254 190
473 446 202 461 426 319




The f i r s t  row represents  d a ta  o b ta in ed  from the  i n t a c t  an im a l .  The 
second row represents  data  o b ta in e d  from th e  animal a f t e r  r e t i c u l a r  
l e s io n s  were made.
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Appendix C 
T a b le  1
Mean Evoked Response Ampl i tude in M ic r o v o l ts  f o r  Subjec t  #12136a
B a se l in e
Hypothalamic  S t i m u la t i o n  
Q uie t  A t t a c k  
0 , 4  0 .8
. __l C
R e t i c u l a r  S t im u la t io n  
0 . 4  . 0 . 8
OPTIC RADIATION RESPONSE EVOKED BY SHOCK TO LATERAL GENICULATE
116C 127(+9) 130 (+12* ) 1 14 ( —2)
547 5 9 8 (+ 9 * ) 6 0 1 (+ 1 0 * ) 553 (+ 1 )
SUPERIOR COLL ICULUS RESPONSE EVOKED BY SHOCK TO LATERAL GENICULATE
4 1 ( - 7 5 ) 6 (+50) 24 (+500*-*)
39 3 4 ( - l 3) 3 8 ( —3) 87 £-12 3 * * )
STRIATE CORTEX RESPONSE EVOKED BY SHOCK TO LATERAL GENICULATE
2 5 2 ( + 2 9 * * )  
7 0 2 ( + 4 2 * * )
STRIATE CORTEX RESPONSE EVOKED BY SHOCK TO OPTIC RADIATION
196 17 9 ( - 9 ) 202 (+3)
496 502 (+1) 5 6 4 (+ 1 4 * )
175 2 0 0 (+ 1 4 * ) 2 0 7 (+ 1 8 * ) 2 9 9 ( + 7 1 * * )
324 310 ( —4) 3 4 6 ( + 7 ) 6 1 3 ( + 89* * ) 7 5 0 (+ 1 3 1 * * )
The l a t e r a l  g e n i c u l a t e  was s t im u la t e d  in t h i s  c a t  instead o f  th e  
o p t i c  t r a c t  as in th e  o t h e r  cats  because the  e le c t r o d e s  com ple te ly  
missed the o p t i c  t r a c t .
C denotes s t i m u l a t i o n  o f  a t t a c k  p o in ts  c o n t r a l a t e r a l  to  the  record ing  
e l e c t r o d e s .  I denotes s t i m u l a t i o n  o f  a t t a c k  p o in ts  i p s i l a t e r a l  to  the  
record ing  e l e c t r o d e s .
c
Each row o f  numbers represen ts  da ta  o b ta in ed  from sep ara te  sess ions .  
The number in paren theses f o l l o w i n g  each datum is  th e  percen tage  change 
from b a s e l i n e .  *  denotes a .05  s i g n i f i c a n c e  l e v e l .  * *  denotes a .001 
s i g n i f i c a n c e  l e v e l .  A l l  s i g n i f i c a n c e  t e s t s  a re  t w o - t a i l .
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A ppendix  D
Photographs o f  W e i l - S t a in e d  Coronal Sect ions through E l e c t r o d e  T ra c ts
A. Photograph showing e l e c t r o d e  t r a c t s  in l a t e r a l  g e n ic u la t e  body o f  
subj ec t  01196.
B. Photograph showing e l e c t r o d e  t r a c t s  in o p t i c  r a d i a t i o n  o f  sub jec t  
01186.
C. Photograph showing e l e c t r o d e  t r a c t s  in s u p e r io r  c o l l i c u l u s  o f  
su b je c t  01196.  W h i t ish  area  in l e f t  s id e  o f  s e c t io n  is damaged 
t i s s u e  a t  a n t e r i o r  edge o f  r e t i c u l a r  l e s io n .
D. Photograph showing e l e c t r o d e  t r a c t s  in m idbra in  r e t i c u l a r  format ion  
o f  s u b je c t  12146.
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